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® High-Tc oxide superconductor and method for producing the same. 

@ A high-Tc oxide superconductor including Bi, Sr, 
Ca, Cu. O and at least one of Pb and Al, with a high 
critical temperature than that of liquid nitrogen, A 
method for producing the high-Tc oxide supercon- 
ductor is also disclosed, in which Bi^Os, SrCOa, 
CaCOs, CuO and PbO or AI2O3 powders are mixed 
calcined, ground, cold-pressed and sintered. The 
calcined mixture may be melted and annealed to 
^obtain a tape-form superconductor. 
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HIGH-Tc OXIDE SUPERCONDUCTOR AND METHOD FOR PRODUCING THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a high-Tc ox- 
ide superconductor of a Bi-Sr-Ca-Cu-0 system and 
a method for producing the high-Tc oxide super- 
conductor. 



Description of the Background Art 

In a conventional oxide superconductor of a Y- 
Ba-Cu-0 system, its critical temperature Tc, at 
which the resistance becomes completely zero, is 
relatively high such as up to 90 K. However, in 
order to obtain high and good characteristics, it is 
necessary to set a composition ratio of Y:Ba:Cu to 
exactly 1:2:3, and it is quite difficult to control this 
composition ratio. Further, this superconductor is 
unstable and readily reacts with water or carbon 
dioxide to deteriorate its characteristics, and thus 
changes with the passage of time in the air. That 
is. this unstable superconductor must be handled 
carefully, e.g., it must be stored apart from the air. 

An oxide superconductor of Bi-Sr-Ca-Cu-0 
system having a relatively high critical temperature 
Tc has been proposed. However, in actual, it is 
difficult to determine its producing conditions, and 
the obtained superconductor is liable to separate 
into two phases. Its zero resistance temperature is 
75 K at most, and hence none of such supercon- 
ductors operates in stable at temperature 77 K of 
liquid nitrogen, Accordingly, the application fields 
of the conventional superconductors are largely 
restricted. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a high-Tc oxide superconductor having a 
high critical temperature Tc higher than 77 K of 
liquid nitrogen and having stable characteristics, 
which is capable of being applicable to a variety of 
fields. 

It is another object of the present invention to 
provide a method for producing a high-Tc oxide 
superconductor having a high critical temperature 
Tc higher than 77 K of liquid nitrogen and having 
stable characteristics such as high onset Tc and 
high offset Tc (zero resistance temperature). 

In accordance with one aspect of the invention, 
there is provided an oxide superconductor includ- 



ing Bi, Sr. Ca, Cu, 0 and at least one of Pb and Ai. 
A composition ratio of at least one of Pb and Al to 
Bi is preferably in a range of 5:95 to 85:15. 

In accordance with another aspect of the inven- 

5 tion, there is provided a method for producing a 
high-Tc oxide superconductor, comprising the 
steps of mixing appropriate amounts of BisOa, 
SrCOa, CaCOs, CuO and at least one of PbO and 
AI2O3 to obtain a mixture, calcining the mixture, 

70 grinding and then cold-pressing the calcined mix- 
ture and sintering the pressed mixture. 

In accordance with still another aspect of the 
invention, there is provided a method for producing 
a superconductor, comprising the steps of mixing 

76 appropriate amounts of 61203, SrCOs, CaCOs, CuO 
and at least one of PbO and AlzOa to obtain a 
mixture, calcining the mixture, melting the calcined 
mixture to obtain a melted material and annealing 
the melted material at a temperature below the 

20 melting point of the melted material. 



BRIEF DESCRIPTION OF THE DRAWINGS 

26 These and other objects, features and advan- 
tages of the present invention will more fully ap- 
pear from the following description of the preferred 
embodiments thereof with reference to the accom- 
panying drawings, in which: 

30 Fig. 1 to 3 are graphical representations 

showing a relation between resistivity and tempera- 
ture of superconductors according to the present 
invention; 

Fig. 4 is a graphical representation showing 
35 a relation between offset Tc and Pb amount of 
another superconductor according to the present 
invention; 

Fig. 5 is a graphical representation showing 
a relation between resistivity and temperature of 
40 another superconductor according to the present 
invention; 

Fig. 6 is a graphical representation showing 
an X-ray diffraction pattem of the superconductor 
shown in Rg. 5: 
45 Fig. 7 is a graphical representation showing 

other X-ray diffraction patterns of other supercon- 
ductors according to the present invention, in which 
a calcination temperature is varied; 

Rg. 8 is a graphical representation showing 
50 a relation between magnetization and temperature 
of the sample (d) in Fig. 7; and 

Rgs. 9 to 12 are graphical representations 
showing relations between offset Tc and amounts 
of components of other superconductors according 
to the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will now be described in 
connection with preferred embodiments thereof 
with reference to the accompanying drawings. 

High-Tc superconductors according to the 
present invention are stable oxides of Bi-Sr-Ca-Cu- 
0 system essentially including bismuth (Bi). stron- 
tium (Sr), calcium (Ca), copper (Cu) and oxygen 
(O), and also including at least one of lead (Pb) and 
aluminum (Al), and the criHcal temperatures Tc of 
these high-Tc oxide superconductors are increased 
to approximately 83 to 95 K higher than 77 K of the 
liquid nitrogen. The composition ratio of at least 
one of Pb and AI to Bi is in a range of 5:95 to 
85:15, and more preferably 10:90 to 60:40. Out of 
this ratio range, the critical temperature Tc is 
lowered. 

The superconductor of the present invention 
includes at least one composition of the following 
formulas: 

{BiPb)2Sr2CaiCu20y, 
(BiAI)2Sr2Cai CuaOy. 
(BiPb)2Sr2Ca2Cu90y and 
(BiAl)2Sr2CazCu30y. 

In these four fonmulas. upper two are formed in a 
low-Tc phase, and y of Oy is 8"T flS = 0 to VO), 
whereas lower two are formed iiTa hFgtPfc ^hiase, 
and y of Qy ig jg"j:~M^ = 0 to l.O). The value S is 
varied depending on the heat treatment conditionsT" 
According to the present invention, the super- 
conductor is produced from a power mixture of 
appropriate amounts of BizOa , SrCOs , CaCOa , 
CuO and at least one of PbO and AlgOs , and the 
powder mixture includes at least one composition 
of the following formulas: 
(Bii.KPbx)SraCabCucOy, 
(Bii.KAIx)SraCabCUcOy, 
(Bii.«Pbx)2SraCabCucOy and 
{BivxAlx)2SraCabCucOy. 

wherein a = 1 to 5.0; b = 1 to 3.5; c = 1 to 4.5 
and X = 0.05 to 0.85. These four formulas show 
only starting mixture compositions obtained by 
mixing the oxides Bi203. SrCQs. CaCOa, CuO and 
PbO or AbOs, and thus only the suffixes of "the 
positive ions are determined 

The superconductor of the present invention is 
produced as follows. 

Appropriate amounts of Bi203, SrCOa, CaCOs, 
CuO and at least one of PbO and AbOs powders 
are mixed so as to satisfy the formula described 
above to prepare powder mixtures in a first step. 
The^mixtures are caicined at approximately 750 to 
900' C in the air in a second step, and the calcined 



mixtures are ground and then cold-pressed in a 
third step. The pressed mixtures are sintered at 
approximately 750 to 900 'C in the air to obtain 
pellets of a fourth step. A bar-shaped specimen of 

5 1 x 3 X 20 mm^ is cut out from each pellet, and 
electrical resistivity of each specimen with respect 
to temperature variation Is measured by the stan- 
dard four-probe method to obtain critical tempera- 
ture Tc, onset Tc and offset Tc (zero resistance 

10 temperature). The critical temperatures of the ob- 
tained specimens are higher than that of the liquid 
nitrogen. In one prefen^ed embodiment, the cal- 
cining and sintering are carried out at approxi- 
mately 820 to 870* C in the air. 

75 In this case, as to the calcining and sintering 
temperature, when the temperature is lower than 
750 C, the critical temperature of the specimen is 
lowered, and when the temperature Is higher than 
900 C, nonsuperconducting phases dominated the 

20 pellet and the superconductor having excellent 
characteristics can not be obtained. 

In this embodiment, the sintering or heat treat- 
ment is canried out in the air at an oxygen partial 
pressure of 1/5 or 20%, however, when the heat 

25 treatment Is conducted in the reduced oxygen par- 
tial pressure atmosphere, the high-Tc phase area is 
effectively extended. When the specimen is heat- 
treated in a gas stream of oxygen of 7.7% and 
argon of 92.3%, the high-Tc phase is remarkably 

30 formed. This method is also effective at tfie re- 
duced partial oxygen pressure of 1/100 or 1%. 

The specimen is ground and its X-ray diffrac- 
tion analyses is conducted to obtain an X-ray dif- 
fraction pattern which shows a high-Tc phase of 

35 (BiPb)2Sr2Ca2Cu3 0y is formed in an almost single 
phase. 

Then, the calcined mixture obtained in the sec- 
ond step described above is placed on a platinum 
(Pt) plate and is melted using an oxygen burner at 

40 a temperature of at least 900* C which is detected 
by a W-Re thermocouple in a third step. The 
melted specimens are annealed at a temperature 
below the melting points of the melted spedmens 
in the air in a fourth step. The annealed specimens 

46 exhibit excellent characteristics such as onset Tc 
and offset Tc. A tape-form superconductor material 
can be produced according to this method, that is, 
an elongate material for use in superconductor 
magnet can be readily prepared. In this case, in- 

50 stead of the platinum plate, a silver (Ag), gold (Au) 
or palladium (Pd) plate can be used. In this em- 
bodiment, the calcined material is ground and this 
ground material may be used in the third step. The 
ground material is pressed to form a pellet and this 

55 pellet may be also used in the third step. 

In the present invention, a low-Tc phase of 
(BiPb)2Sr2CaiCu20y or (BiAI)2Sr2CaiCu20y is 
formed and its critical temperature Tc is improved 
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by adding Pb or Al. Further, a high-Tc phase of 
(BiPbjzSrjCasCuaOy is formed by the sintering to 
improve the critical temperature Tc. 

Examples of the present invention will now be 
described. 



Example 1 : 

Appropriate amounts of BiaOa, PbO, SrCOa, 
CaCOa, CuO powders were mixed so as to satisfy 
a formula 

(Bii.^Pbx)SriCaiCu20y. x = 0. 0.05, 0.1, 0.2, 0.3, 
0.5. 0.7, 0,85 and 0.9, to prepare 10 powder mix- 
tures in a first step. The mixtures were calcined at 
850 *C for 12 hours in the air In a second step, and 
the calcined mixtures were ground and then cold- 
pressed in a third step. The pressed mixtures were 
sintered at about 880 'C for 12 hours in the air to 
obtain 10 pellets in a fourth step. A bar-shaped 
specimen of 1 x 3 x 20 mm^ was cut out from each 
pellet, and electrical resistivity of each specimen 
with respect to temperature variation was measured 
by the standard four-probe method to obtain results 
shown in Fig. 1 . In this case, the specimens A (x = 
0.5 and 0.7) had a highest critical temperature Tc, 
and their onset Tc and offset Tc (zero resistance 
temperature) were 110 K and 90 K, respectively. It 
was confirmed that the critical temperatures of oth- 
er specimens were somewhat lower than that of the 
specimens A but higher than that of the liquid 
nitrogen. 

On the other harnj, specimens including no Pb 
prepared in the same manner as those of Example 
1 had low offset Tc such as 77 K. The 
Pbt Sri Cai Cui Oy (x = 1) was an insulator. 

Example 2: 

Appropriate amounts of BiaOa, AI2O3, SrCOa, 
CaC03, CuO powders were mixed so as to satisfy 
a formula 

(Bii.xAlx)Sr.CaiCu20y, x = 0. 0.05. 0.1, 0.2, 0.3. 
0.5, 0.7, 0.85 and 0.9, to prepare 10 powder mix- 
tures in a first step. The mixtures were calcined at 
850 C for 12 hours in the air in a second step, and 
the calcined mixtures were ground and then cold- 
pressed in a third step. The pressed mixtures were 
sintered at about 880*0 for 12 hours in the air to 
obtain 10 pellets in a fourth step. A bar-shaped 
specimen of 1 x 3 x 20 mm^ was cut out from each 
pellet, and electrical resistivity of each specimen 
with respect to temperature variation was measured 
by the standard four-probe method to obtain results 
shown in Rg, 2. In this case, the specimens A {x = 
0.5 and 0.7) had a highest critical temperature Tc, 
and their onset Tc and offset Tc (zero resistance 



temperature) were 110 K and 90 K, respectively. It 
was confirmed that the critical temperatures of oth- 
er specimens were somewhat low r than that of the 
specimens A but higher than that of the liquid 
5 nitrogen. 

On the other hand, specimens including no Al 
prepared in the same manner as thos-? of Example 
2 had low offset Tc such as 77 K. The 
AhSriCaiCuiOy (x = 1) was an insulator. 

10 

Example 3: 

Appropriate amounts of Bi203 . PbO, SrCOs , 
15 CaC03 , CuO powders were mixed so as to satisfy 
a formula 

(Bio;s Pbo^)SrtCaiCu20y and appropriate amounts 
of BiaOs . AI2O3 , SrCOs , CaCOs , CuO powders 
were mixed so as to satisfy a formula (Bio^Alo.s)- 

20 SriCatCuaOy to prepare powder mixtures in a first 
step. The mixtures were calcined at 850*0 for 12 
hours in the air in a second step. The calcined 
mixtures were placed on a platinum (Pt) plate and 
were melted using an oxygen burner at 1300*0 

25 which was detected by a W-Re thermocouple in a 
third step. The melted specimens were annealed at 
a temperature below the melting points of the melt- 
ed specimens such as 880* C for 5 hours in the air 
in a fourth step to obtain results shown in Rg. 3. 

30 Both the annealed specimens exhibited excellent 
characteristics such as onset Tc of 110 to 120 K 
and offset Tc of 90 K. A tape-form superconductor 
material having a length of 100 cm, a width of 1 cm 
and a thickness of 20 iim could be produced 

35 according to this method, that is. an elongate ma- 
teriaJ for use in superconductor magnet can be 
readily prepared. In this case, instead of the plati- 
num plate, a silver (Ag), gold (Au) or palladium (Pd) 
plate could be used. 

40 

Example 4: 

Powder mixtures were prepared at a starting 
45 formula (Bi-j.xPbJSri Cai CuaOy in the same nr>anner 
as Example 1. except that the amount of Pb was 
varied in a range of x = 0 to 1 and that mixtures 
were calcined at 800* C for 12 hours in the air in a 
second step and were sintered at 880 'C for 12 
50 hours in the air in a fourth step to obtain results 
shown in Rg. 4. When x = 0,05 to 0.86. the high 
offset Tc was obtained. 



55 Example 5: 

Appropriate amounts of BiaOs, PbO, SrCOa, 
CaCOa , CuO powders were mixed so as to satisfy 
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a formula 

(BiojPbo^)2Sr2Ca2Cu30y to prepare a powder mix- 
ture in a first step, and this mixture was calcined at 
800* C for 12 hours in the air in a second step. The 
calcined mixture was ground and then cold- 
pressed in a third step. The pressed mixture was 
sintered at about 850* C for 100 hours in the air to 
obtain a pellet in a fourth step. A specimen was cut 
out from the pellet and the critical temperature of 
the specimen was measured by the standard four- 
probe method in the same manner as Example 1 to 
obtain an offset temperature of 108 K, as shown in 
Fig, 5. This specimen was ground and its X-ray 
diffraction analyses was conducted to obtain an X- 
ray diffraction pattern shown in Fig. 6. Fig. 6 shows 
a high-Tc phase of (BiPb)2Sr2Ca2Cu30y was 
formed in an almost single phase. 



Example 6: 

Specimens were prepared from appropriate 
amounts of Bi2 03 , PbO. SrCOs . CaCOa . CuO 
powders to be mixed so as to satisfy the same 
formula (Bio.s Pbo^)2Sr2Ca2Cu30y as that of Exam- 
ple 5 in the same manner as Example 5, except 
that the mixture was sintered at different tempera- 
tures 700 to 900* C for 12 to 17 hours in the air in 
a fourth step. The X-ray diffraction analyses of the 
specimens was carried out to obtain results shown 
in Fig. 7, where X-ray diffraction patterns at typical 
heat treatment temperatures are shown. From Fig. 
7, wherein H, L and LL indicate a high-Tc phase of 
(BiPb)2Sr2Ca2Cu30y. a low-Tc phase of 
(BiPb)2Sr2CaiCu20y, and a iowest-Tc phase of 
(BiPb)2Sr2CuiOy, respectively, it was found that the 
high-Tc phase appeared in the heat treatment at 
820 to 870 'C in the air. For instance, when the 
heat treatment of the specimen (d) in Fig. 7 for a 
long time of 100 hours was carried out, a high Tc 
over 100 K was obtained by the magnetization 
measurements, as shown in Fig. 8. In Rg. 8, the 
magnetization became negative at 108 K to exhibit 
the Meissner effect, that is, a superconductor with 
a critical temperature Tc of 108 K was actually 
fomned. 

Although in the above described case, the sin- 
tering or heat treatment was carried out in the air at 
an oxygen partial pressure of 1/5 or 20%, however, 
when the heat treatment was conducted in the 
reduced oxygen partial pressure atmosphere, the 
high-Tc phase area was effectively extended. 
When the above specimen was heat-treated in a 
gas stream of oxygen of 7.7% and argon of 92,3%, 
the high- Tc phase was remarkably formed at 790 
to 860* C. This method was effective at the re- 
duced oxygen partial pressure of 1/100 or 1%. 



Example 7: 

Specimens were prepared from appropriate 
amounts of 81203. PbO. SrCOa. CaCOs, CuO pow- 
5 ders to be mixed so as to satisfy a formula (Bii. 
xPbx)2Sr2Ca2Cu30y, x = 0. 0.05, 0.1. 0.2, 0.3, 0.4, 

0. 5. 0,6. 0.7. 08, 0.85, 0.9 and 1.0. in the same 
manner as Example 5. The critical temperatures Tc 
of the specimens were measured by the standard 

70 four-probe method in the same manner as Example 

1, as shown in Rg. 9. When x = 0.05 to 0,85, the 
offset Tc was improved in virtue of the addition of 
Pb. When x = 0.9 and 1.0, the specimens were 
the insulator with no Tc, 

75 

Example 8: 

Specimens were prepared at a starting formula 
20 (Bio.8Pbo^)2SrxCa2Cu30y, x = 0 to 7, in the same 
manner as Example 5, and the critical tempera- 
tures of the specimens were measured by the 
standard four-probe method in the same manner as 
Example 1 to obtain results shown in Rg. 10, When 
25 x = 0.6 to 5, the specimens having high Tc were 
obtained, but when x is larger than 5, specimens 
showed rather low-Tc. 



30 Example 9: 

Specimens were prepared at a starting formula 
(Bio^Pbo^)2Sr2CaxCu30y , x = 0 to 7, in the same 
manner as Example 5, and the critical tempera- 

36 tures of the specimens were measured by the 
standard four-probe method in the sanf>e manner as 
Example 1 to obtain results shown in Rg. 11. When 
x = 1 to 3.5, the improvement of Tc was observed 
as compared with the specimen including no Pb 

40 described in Example 1 . 



Example 10: 

46 Specimens were prepared at a starting formula 
(Bio.8Pbo^)2Sr2Ca2CuxOy, x = 0 to 7, in the same 
manner as Example 5, and the critical tempera- 
tures of the specimens were measured by the 
standard four-probe method in the same manner as 

50 Example 1 to obtain results shown in Rg. 12. When 
X = 1.5 to 4.5. the Improvement of Tc was ob- 
served as compared with the specimen including 
no Pb described in Example 1 . 

In Examples 1 to 4. the low-Tc phase of (BiPb)- 

66 2Sr2CaiCu20y or {BiAl)2Sr2Cai CuaOy is formed 
and the critical temperature Tc of the specimen is 
improved by adding Pb or Al. In Examples 5 to 10, 
the high-Tc phase of (BiPb)2Sr2Ca2Cu30y is 
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formed by the sintering at a proper temperature to 
improve the crrtica! temperature Tc. 

As described above, it is readily understood 
that, according to the present Invention; a high-Tc 
oxide superconductor of Bi-Sr-Ca-Cu-0 system 
with an offset Tc such as 83 to 95 K higher than 77 
K of the liquid nitrogen can be prepared by adding 
at least one of Pb and Al as compared with a 
conventional oxide superconductor of Bi-Sr-Ca-Cu- 
0 system having no Pb or Al. and further a stable 
high-Tc oxide superconductor for use in various 
fields can be obtained. According to the present 
invention, a method for producing a stable high-Tc 
oxide superconductor of Bi-Sr-Ca-Cu-0 system 
with an offset Tc higher than that of the liquid 
nitrogen can be obtained. 

Although the present invention has been de- 
scribed in its preferred embodiments with refer- 
ence to the accompanying drawings, It is readily 
understood that the present invention is not re- 
stricted to the preferred embodiments thereof and 
that various changes and modifications may be 
made in the present invention by those sl<illed in 
the art without departing from the spirit and scope 
of the present invention. 



Claims 

1. An oxide superconductor including Bi, Sr, 
Ca, Cu, O and at least one of Pb and Al. 

2. The superconductor of claim 1, wherein a 
composition ratio of at least one of Pb and Al to Bi 
is in a range of 5:95 to 85:15. 

3. The superconductor of claim 1, including a 
composition of a formula (BiPb)2Srj,CazCu30y , 
wherein x = 0.5 to 5. 

4. The superconductor of claim 1, including a 
composition of a formula (BiPbfeSrsCaxCusOy , 
wherein x = 1 to 3,5. 

5. The superconductor of claim 1, including a 
composition of a fonmula {BiPb)2Sr2CazCuKOy , 
wherein x = 1.5 to 4.5. 

6. The superconductor of claim 1 . including at 
least one composition of the following fonnulas: 
(BiPb}2Sr2CaiCu20y, 

<BiAl)2Sr2CaiCu20y, 
(BiPb)2Sr2Ca2Cu30y and 
(BiA!)2Sr2Ca2Cu30y- 

7. A method for producing an oxide supercon- 
ductor, comprising the steps of: 

mixing appropriate amounts of Bi203, SrCCb. 
CaCOa. CuO and at least one of PbO and AI2O3 to 
obtain a mixture; 
calcining the mixture: 

grinding and then cold-pressing the calcined mix- 
ture; and 

sintering the pressed mixture. 



8. The method of claim 7, wherein the calcining 
and sintering are conducted in air. 

9. The method of claim 7. wherein the calcining 
and sintering ar conducted at a temperature of 

5 approximately 750 * C to 900 * C. 

10. The method of claim 9, wherein the cal- 
cining and sintering are conducted at a tempera- 
ture of approximately 820' C to 870* C. 

1 1 . The method of claim 7, wherein the sinter- 
to ing Is conducted at an oxygen partial pressure of 

approximately 1/5 to 1/100. 

12. The method of claim 7, wherein the super- 
conductor includes at least one composition of the 
following formulas: 

75 (Bii.xPbx)SraCabCucOy, 
(Bii.xAlx)SraCabCucOy, 
(Bli.xPbx)2SraCabCucOy and 
(Bii.xAlK)2SraCabCucOy, 

wherein a = 1 to 5.0; b = 1 to 3.5; c = 1 to 4,5 
20 and x = 0.05 to 0.85. 

13. A method for producing a superconductor, 
comprising the steps of: 

mixing appropriate amounts of Bi203, SrCOa, 
CaCOa. CuO and at least one of PbO and AbOs to 
25 obtain a mixture; 

calcining the mixture; 

melting the calcined mixture to obtain a melted 
material having a melting point and 
annealing the melted material at a temperature 
30 below the melting point of the mehed material. 

14. The method of claim 13. wherein the cal- 
cining and annealing are conducted in air. 

15. The method of claim 13, wherein the cal- 
cining and annealing are conducted at a tempera- 

35 ture of approximately 750 ' C to 900 ' C. 

16. The method of claim 13, wherein the melt- 
ing is conducted at a temperature of approximately 
at least 900° C. 

17. The method of claim 13, wherein the melt- 
40 ing is carried out on the calcined mixture placed on 

a plate made of one of materials Ag. Au, Pt and 
Pd. 

18. The method of claim 13, wherein the super- 
conductor includes at least one composition of the 

45 following formulas: 

(Bii.xPbx)Sra CabCUoOy. 

(Bii.xAIJSra CatCUcOy, 

(Bii^PbxfeSra CabCUcOy and 

(Bii^Alx)2Sra CabCucOy, 
50 wherein a = 1 to 5.0; b = 1 to 3.5; c = 1 to 4,5 

and X = 0.05 to 0.85. 
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